INTRODUCTION 1
Low back pain has a life prevalence of over 70% 2 , with less than one third resolving annually M A N U S C R I P T
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Volunteers were instructed to withdraw the hand when they felt the pain as intolerable and the time 23 of hand immersion was recorded. If the hand was not withdrawn at 2 min, this time was recordedM A N U S C R I P T
for data analysis as a measure of pain tolerance. The CPT also served as conditioning stimulus for 1 the measurement of conditioned pain modulation (CPM). Following the CPT, volunteers were 2 requested to immerse only the fingers of the right hand in the ice-saturated water, and maintain 3 them immersed for the duration of the electrical stimulation block (approximately 10 min). 4
Electroencephalographic recordings

5
Continuous high-density EEG data were acquired with a 128-channel system (asalab ® , ANT Neuro 6 B.V., The Netherlands), using an EEG cap (Waveguard ® , ANT Neuro B.V., The Netherlands) with 7 an electrode placement scheme in accordance with the International 10-5 system. All the electrodes 8 were referred to the left mastoid (M1) ipsilateral to the site of stimulation, and the ground electrode 9 was incorporated in the cap between AFz and Fz on the nasion-inion line. The electrodes impedance 10 was kept below 5 kΩ and recordings were made using asa ® 4.7.3 software (ANT Neuro B.V., The 11 Netherlands) at a sampling rate of 2048 Hz. 12 2.5. Experimental procedure 13 The same investigator, AYN, performed all the experiments, assisted by ACN. During the testing 14 session the volunteers were lying in a bed, in a quiet room. Each subject underwent a training 15 session for all tests in order to familiarize with the stimulation procedures before starting the data 16 collection. Electrical stimulation was performed at the left wrist, whereas ice water stimulation was 17 performed on the right hand, as typically the conditioning has to be performed on a remote area 39 . 18
PPT, EPT to single electrical stimulus and pain ratings to repetitive SES were initially assessed as 19 described in section 2.3, and then EEG data were recorded during repetitive SES for 10 min 20 M A N U S C R I P T
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for 10 min, while only the fingers of the right hand remained immersed in ice water (CPM 1 condition). The fingers were immersed again in ice water in order to sustain the CPM effect for a 2 longer interval and to allow for the considerable longer duration required for ERP recording. During 3 the CPM condition, PPT was reassessed at 3, 5 and 10 min. A summary of the experimental 4 procedure is shown in Fig. 1 . 5 2.6. Data analysis 6 2.6.1. Conditioned pain modulation 7
The magnitude of the CPM effect, namely ∆CPM, was defined as the difference between PPT 8 measured immediately after, 3, 5 and 10 min after the CPT, and the PPT at baseline (i.e. before 9 CPT). Positive values of ∆CPM indicated successful pain inhibition and the volunteer is said to 10 respond to CPM testing 64 . 11
Event-related potentials 12
EEG data was analyzed offline in MATLAB (Mathworks, Inc., USA). In particular, EEG data was 13 pre-processed using EEGLAB 20 . For each subject and each condition, continuous EEG data were 14 band-pass filtered between 0.5 and 100 Hz, notch-filtered at 50-Hz and re-referenced to the average 15 of all channels. A time window of interest was defined by segmenting the data into epochs of 2000 16 ms that included 500 ms of pre-stimulus. The obtained epochs (120 in total) were visually inspected 17 to discard noisy channels and those epochs that contained gross artifacts due to e.g. movement and 18 muscle activity. In order to remove artifacts related to the electrical stimulation, eye movements and 19 blinks, the remaining epochs were evaluated using Infomax Independent Component Analysis 20 (ICA) 45 . The ICA algorithm separated the scalp EEG signals into statistically independent 21 components of different brain and artifact sources, and the "clean" EEG signals were obtained byM A N U S C R I P T
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inspecting their time course, spectra and scalp topography 38 . Subsequently, the rejected channels 1 were spatially interpolated with a spherical spline. Finally, epochs were averaged across trials and 2 baseline-corrected using the mean amplitude of the pre-stimulus period in order to obtain the ERPs. 3
A step-by-step guide for the pre-processing analysis applied using EEGLAB can be found at 4 https://sccn.ucsd.edu/wiki/EEGLAB_TUTORIAL_OUTLINE. As a result of the pre-processing 5 stage, one averaged waveform was obtained for each subject, channel and condition. 6
Statistics 7
Descriptive variables are reported as mean ± standard deviation or as median (interquartile range), 8 depending on whether the underlying data satisfied the normality assumption or not (Shapiro-Wilk 9 test). Differences in descriptive variables between groups were analyzed using an unpaired t test or 10 a Mann-Whitney rank sum test, depending on whether the underlying data satisfied the normality 11 (Shapiro-Wilk test) and equal variance (Levene's test) assumptions or not, respectively. Differences 12 in ∆CPM between groups were assessed by an analysis of covariance (ANCOVA) using time as a 13 covariate. 14 ERP statistics were performed using Letswave and data were irrecoverable, so the final analysis was performed on 18 subjects per group. An 4 overview of the volunteers' characteristics and statistical tests results can be seen in Table 1 . Eight 5 patients were regularly using diclofenac (median 150mg/day, IQR 75 mg/day), six were regularly 6 using ibuprofen (median 1600 mg/day, IQR 0 mg/day), and one was using mefenacid (1500 7 mg/day). Only one patient used a weak opioid, tramadol slow release 100 mg bid, combined to 8 ibuprofen 1600 mg/day. No significant differences were found in age and BMI between groups. 9
Regarding the psychological assessment, the LBP group presented higher BDI and STAI-trait 10 scores compared to healthy volunteers, but no significant differences in STAI-state or 11 catastrophizing scores. 12 13 Statistical test results for the psychophysical and electrophysiological tests are presented in Table 2 . 14 In summary, the LBP group presented significantly lower baseline PPT compared to the CTRL 15 group. None of the volunteers from any of the groups reported a PPT higher than 1000 kPa. 16
Psychophysical and electrophysiological tests
Additionally, even though there were no significant differences in EPT, the LBP group reported 17 significantly higher subjective pain ratings to repetitive SES. 18 
Cold pressor test and conditioned pain modulation
Event-related potentials
5
In general, subjects from both groups presented clear ERP components that are typically elicited 6 when applying electrical stimulation to the skin at suprathreshold levels 80 . Early waves commonly 7 described as N20 and P30, presented evident lateralized scalp topography with negative and 8 positive excursions, respectively, contralateral to the stimulation site (Fig. 3 , 20 ms and 30 ms). 9
These waves were followed by two negative deflections in central-parietal electrodes frequently 10 described as N70 and N120 (Fig. 3 , 70 ms and 120 ms). The following wave was a positive peak in 11 central electrodes, symmetrically distributed, with a latency of ~225 ms (P200). The P200 was 12 coincident with the arrival of the second pulse of the stimulus train. After the fifth stimulus, the late 13 components of the ERP waveforms had a similar topography as the response to the first stimulus, 14 although the ERP amplitude was evidently decreased ( 
DISCUSSION
1
In this study, differences in pain modulatory mechanisms between acute low back pain patients and 2 healthy individuals were studied using psychophysical and electrophysiological tests. Patients 3 presented lower PPT and higher pain intensity ratings to repetitive SES compared to the control 4 group, although no differences were detected in EPT to single electrical stimulus. Furthermore, both 5 groups displayed effective CPM, reflected in positive differences in PPT immediately after and up 6 to 10 min after CPT compared to baseline. No differences in immersion time or in the magnitude of 7 the CPM effect assessed by PPT were found between groups at any time point. Additionally, 8 electroencephalographic evidence showed that both groups presented similar reductions in ERP 9 amplitudes in response to electrical stimulation during CPM, although responses to repetitive SES 10 were significantly larger in the acute low back pain patient group. 11
Psychophysical assessment
12
Psychophysical assessment indicated that acute low back pain patients presented lower PPT and 13 higher pain ratings to repetitive SES compared to healthy individuals. These results can be 14 interpreted as a state of pain hypersensitivity in acute pain patients 8, 51 . Pain hypersensitivity is 15 commonly observed in several chronic pain conditions, such as fibromyalgia, whiplash and 16 osteoarthritis, among others 6, 8, 18, 29, 32, 57, 72, 74 . With regards to the mechanisms behind these changes, 17
evidence from animal experiments suggests that one of the contributors of pain hypersensitivity is 18 an abnormal, widespread and long lasting increase in spinal excitability, either due to an increase of 19 the number of responsive neurons or an expansion of the neuronal receptive fields 16, 21, 43 . These 20 changes are normally attributed to central mechanisms since electrical stimulation completely 21 bypasses skin receptors, and currently there are no theories that account for an increase in peripheral 22 nerve sensitivity remote to the site of injury / pain 86 . Alternative explanations to this observationsM A N U S C R I P T
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related to peripheral changes are less likely: in the case of pressure pain, peripheral receptor 1 sensitization could account for localized hyperalgesia at the site of pain (in this case, the low back), 2 but not for generalized widespread hyperalgesia tested at remote sites (in this case, the toes) 60 . 3 Enhanced pain facilitatory mechanisms are not the only possible explanation for these observations, 4
since it could be hypothesized that alterations in endogenous inhibitory systems may play a role in 5 pain hypersensitivity. Indeed, some of the aforementioned chronic pain conditions are also 6 associated to deficiencies in endogenous pain inhibition 56, 58, 61, 77 . In this regard, the results of this 7 study do not provide psychophysical evidence of alterations in pain inhibitory mechanisms in acute 8 low back pain patients, as assessed by immersion times and by changes in pressure pain thresholds 9 during CPM. Both groups presented effective CPM immediately after CPT and up to 10 min later, 10 although the magnitude of the CPM effect decreased over time. Furthermore, no differences 11 between groups were found at any time point. 12
Only very few studies have investigated CPM in the acute pain stage, mostly in relation to 13 prediction of postoperative pain 42, 89 . Specifically regarding low back pain, a recently published 14 study from our group also investigated the time course of CPM in patients with acute and chronic 15 low back pain 51 . The reported results indicated that both groups of patients presented effective 16 CPM immediately after CPT, with only small differences in the time course of CPM between 17 patients and healthy individuals. Taking into consideration studies involving chronic low back pain 18 as well 37, 52 , the existing psychophysical evidence seems to indicate that inhibitory mechanisms 19 related to CPM are largely unaltered in patients with acute low back pain. However, until now there 20 were no studies providing electrophysiological data that would support this hypothesis. 21
Electrophysiological assessment
22
The EEG analysis showed that both healthy volunteers and LBP patients presented reduced ERPs 23 during CPM. In this regard, the majority of previous CPM studies in healthy volunteers reported aM A N U S C R I P T A C C E P T E D 31 . In relation to 6 acute pain patients, no previous studies have investigated the electrical brain activity during CPM. 7
The present electrophysiological evidence is in line with the psychophysical results, all suggesting 8 that acute low back pain patients might not have alterations in endogenous inhibition at this stage. 9
Regarding the brain responses to repetitive painful stimulation, the obtained ERP components 10 presented a visible reduction in the amplitude between the first and last stimulus of the train 11 consistent with results reported previously 15, 36 . This phenomenon is called repetition suppression, 12 and there are two proposed models to explain it: as a bottom-up process in which neuronal activity 13 is reduced due to fatigue of synaptic mechanisms or as a top-down process that reflect attenuation 14 of surprise responses to unexpected sensory input 81 . Under the bottom-up hypothesis, the 15 differences observed after the last stimulus between groups may partially reflect an augmented 16 afferent volley in the LBP group, possibly explained by an enhancement due to central 17 hyperexcitability. Whereas data from chronic back pain patients indicate a deficit in habituation to 18 repeated stimulus presentations 26 , to our knowledge this is the first study to report significant 19 differences in neural correlates of pain facilitation between acute LBP patient and healthy 20 volunteers, specifically in ERP amplitudes after the last stimulus in a sensitized acute pain state. 21
The top-down alternative stems from considering evidence related to the functional significance of 22 the ERPs. Recent studies suggest that ERPs reflect the neural correlates underlying the detection 23 and reorientation of attention towards a potentially threatening stimulus, regardless of its sensoryM A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
20 modality 46,47,55,68,82,84 . Attentional bias towards pain-related information has been previously 1 described in chronic pain patients and explained as a probable state of hyper-vigilance 17, 19, 33 . It 2 might therefore be possible that the LBP patients presented a top-down attentional modulation 3 towards the stimulated hand, which could partially explain the larger brain responses in the LBP 4 group compared to healthy subjects. 5
Finally, it is worth mentioning that differences were found between the psychological profiles of 6 patients and healthy volunteers, specifically related to depression and trait anxiety. In this regard, it 7 has been shown that higher levels of anxiety and catastrophizing are usually associated with 8 enhanced subjective pain outcomes 22,23 but not with measures of spinal excitability, e.g. the 9
nociceptive withdrawal reflex 8,18,57,66,76 . 10
Strengths and limitations
11
Psychophysical and electrophysiological evidence were integrated in the present study to study pain 12 facilitatory and inhibitory mechanisms in acute low back pain patients in the same experimental 13 protocol. In this regard, it has to be noted-that the psychophysical assessment as well as the 14 electrophysiological measurements quantified in this study provide only indirect evidence of the 15 underlying mechanisms, and these mechanisms are not necessarily specific for pain. With regards to 16 CPM, current experimental protocols do not allow to distinguish between specific inhibitory 17 mechanisms at spinal or supraspinal level and the contribution of attention and expectation on the 18 resulting brain responses 30, 31, 41, 54, 71 . Furthermore, it is not possible to determine whether this 19 inhibition is specific for nociception or not 70, 79 . The same can be observed for facilitatory 20 mechanisms and their correlation to brain activity 10, 11, 24 . Even though ERP responses present 21 components correlated to somatosensory input, they are largely influenced by the context (e.g. 22 saliency, novelty, relevance) 47, 55, 68, 82, 84 , which makes it difficult to draw conclusions regarding the 23 specific spinal and supraspinal contribution to the observed changes. Furthermore, no sizableM A N U S C R I P T
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changes were detected in measures of pain inhibition, but this cannot be taken as direct evidence 1 that no real difference exists; indeed, such differences might be detected using a larger sample or 2 alternative assessment methods, and so further research into this issue is necessary to confirm these 3 prospects. 4
Finally, it was not possible to find a direct explanation for the activity in the pre-stimulus interval, 5 since all the surveyed studies in relation to anticipatory or non-cued effects in the pre-stimulus 6 interval display frontal negativity and not positivity, as observed in our results 12 . Analysis of the 7 corresponding scalp maps revealed that this activity was synchronized to the stimulus and present in 8 both groups, that it was localized fronto-centrally and modulated by CPM, so it is possible to 9 hypothesize that it was generated by an unknown sensory cue within the experimental setup. 10
Nevertheless, this artifact does not influence the main outcomes of the study. 11
Conclusion
12
This is the first study to investigate changes in correlates of pain modulatory mechanisms in acute 13 low back pain patients. Results showed that acute low back pain patients presented enhanced pain 14 facilitatory mechanisms, whereas no significant changes in pain inhibitory mechanisms were 15 observed. Future studies should be aimed at isolating and identifying specific mechanisms of 16 inhibition and facilitation, determining at which time point in the transition from acute to chronic 17 pain the inhibitory mechanisms begin to fail, and clarifying the mechanisms behind these 18 alterations. Fig. 1 . Experimental procedure. During BASELINE, pressure pain tolerance (PPT) was first assessed, and then suprathreshold electrical stimulation (SES) was applied to the left median nerve for 10 min. Afterwards, conditioned pain modulation (CPM) was induced by immersing the right hand up to the wrist into ice water (cold pressor test, CPT) for a maximum of 2 min, after which only the fingers remained immersed. PPT was assessed immediately after (Immed), and SES was applied again for 10 min. During this time, PPT was assessed at 3, 5 and 10 min. 
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